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reflector comprising a stack of alternate 
layers of a first material and a second 
material wherein the first and second 
materials are both organic materials. An 
organic electrolurninescent light emitting 
element comprising: a transparent 
substrate, a transparent electrode formed 

on the substrate, a distributed Bragg reflector formed on the transparent electrode, an organic electroluminescent light emitting 
material formed on the distributed Bragg reflector and an electrode formed on the bght emitting material, the distributed Bragg 
reflector being in accordance with the invention. A multicolour light emitting device comprising a plurality of light emitting 
elements according to the invention. A method of manufacturing a distributed Bragg reflector comprising the steps of forming 
a stack of alternate layers of a first organic material and a second organic material using inkjet technology. A method of 
manufacturing an organic electrolurninescent light emitting element comprising the steps of: providing a transparent substrate, 
forrning a transparent electrode formed on the substrate, forming a distributed Bragg reflector on the transparent electrode using a 
method according to the invention, forming an organic electroluminescent light emitting material on the distributed Bragg reflector, 
and forming an electrode on the light emitting material. A method of manufacturing multicolour light emitting device comprising 
the steps of: forming a plurality of light emitting elements using a method according to the invention and therein forming the first 
and second materials in different thickness layers to provide different mode wavelength areas on the substrate. 
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DISTRIBUTED BRAGG REFLECTOR, ORGANIC LIGHT EMITTING ELEMENT, AND MULTICOLOUR LIGHT 
EMITTING DEVICE 

The present invention relates to distributed Bragg reflectors and to organic 
electroluminescent light emitting devices (hereinafter referred to as OELDs). In one aspect, the 
invention is concerned with improvement of the output characteristics of OELDs. 

A schematic illustration of the output spectrum of a conventional OELD is shown in 
figure 1, from which it will be appreciated that the spectrum has a long tail towards higher 
wavelengths. The output spectrum illustrated in figure 1 is undesirable because pure colours 
can not be obtained. 

The structure of an OELD is shown in figure 2. The structure comprises, in sequence, 
a transparent substrate 10 (for example, formed of glass), a distributed Bragg reflector 
(hereinafter referred to as a DBR) 12, a transparent electrode 14 (an anode, for example 
formed of Indium Tin Oxide), an organic electroluminescent light emitting layer 16, and a 
cathode 18. The cathode 18 and DBR 12 act as mirrors and the structure functions as a micro- 
cavity, in much the same way as the conventional laser structure. Spontaneous emission from 
the active material within the cavity is enhanced at the mode (or design) wavelength of the 
cavity and suppressed elsewhere. The desire is to gain sufficient control to enable the practical 
implementation of multicolour organic light emitting devices. In order to implement a full 
colour device, the DBR must have high reflectivity over the whole visible spectrum. 
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The DBR consists of a stack of inorganic dielectric films, with alternate layers of two 
materials having a difference in refractive index therebetween. For example, one layer may be 
formed of Titanium dioxide (TiOj), with a refractive index of approximately 2, and the other 
may be formed of Silicon dioxide (Si0 2 ), with a refractive index of approximately 1.5. The 
materials are selected so as to maximise reflectivity and minimise absorption. The smaller the 
difference between the refractive index of the two materials, the sharper is the selectivity of the 
wavelength of the reflected light. That is, the Width of the stop band is approximately XAn/n 
where An is the index difference between the layers that constitute the DBR, X is the centre 
wavelength of the stop band and n is the average refractive index. Thus it will be apparent that 
the materials just mentioned can not cover the whole visible spectrum, as required. 

An arrangement of the type described above is disclosed in an article by Tetsuo Tsutui 
et al, Applied Physics Letters 65 (15) p. 1868, 10th October 1994. 

Formation of a DBR of the described type is by way of deposition processes. These 
processes are very time consuming and significantly more difficult than, for example, the 
deposition of metal films. The dioxide materials used for the DBR deposit on the walls of the 
fabrication chamber and flake off easily, thus causing contamination. The structure described 
with reference to figure 2 is thus not practicable for commercial fabrication and is too 
troublesome to produce a DBR which varies across a substrate so as to provide different 
wavelength selectivity across different portions of the substrate. 

According to a first aspect of the present invention there is provided a distributed Bragg 
reflector comprising a stack of alternate layers of a first material and a second material wherein 
the first and second materials are both organic materials. 
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According to a second aspect of the present invention there is provided an organic 
electroluminescent light emitting element comprising: a transparent substrate, a transparent 
electrode formed on the substrate, a distributed Bragg reflector formed on the transparent 
electrode, an organic electroluminescent light emitting material formed on the distributed Bragg 
reflector and an electrode formed on the light emitting material, the distributed Bragg reflector 
being in accordance with the first aspect of the invention. 

According to a third aspect of the present invention there is provided a multicolour light 
emitting device comprising a plurality of light emitting elements according to the second aspect 
of the invention. 

According to a fourth aspect of the present invention there is provided a method of 
manufacturing a distributed Bragg reflector comprising the steps of forming a stack of alternate 
layers of a first organic material and a second organic material using inkjet technology. 

According to a fifth aspect of the present invention there is provided a method of 
manufacturing an organic electroluminescent light emitting element comprising the steps of: 
providing a transparent substrate, forming a transparent electrode formed on the substrate, 
forming a distributed Bragg reflector on the transparent electrode using the method of the 
fourth aspect of the invention, forming an organic electroluminescent light emitting material on 
the distributed Bragg reflector, and forming an electrode on the light emitting material. 

According to a sixth aspect of the present invention there is provided a method of 
manufacturing a multicolour light emitting device comprising the steps of: forming a plurality 
of light emitting elements using the method of the fifth aspect of the invention and therein 
forming the first and second materials in different thickness layers to provide different mode 
wavelength areas on the substrate. 
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Embodiments of the present invention will now be described by way of further example 

only and with reference to the accompanying drawings, in which:- 

Figure 1 illustrates the output spectrum of a conventional OELD, 

Figure 2 illustrates the structure of a micro-cavity OELD using a distributed Bragg 

reflector, 

Figure 3 illustrates the structure of an OELD according to one embodiment of the 
present invention, 

Figure 4 is a graph illustrating optical characteristics of a material used in the DBR of 
the embodiment shown in figure 3, 

Figure 5A is a graph illustrating together the optical characteristics shown in figure 4 
for two materials and the relationship thereof to a design wavelength, 

Figure 5B is a graph similar to that of figure 5A but with a different relationship 
between the two materials and the design wavelength, 

Figure 6A is an energy level diagram useful in explaining the electrical resistance of the 
DBR shown in figures 3 and 5A, 

Figure 6B is an energy level diagram useful in explaining the electrical resistance of the 

DBR shown in figures 3 and 5B, and 

Figure 7 illustrates a multicolour light emitting device having at least two micro-cavity 
structures of the type illustrated in figure 3 . 

An embodiment of the present invention has the structure illustrated in figure 3. It will 
be apparent that the structure of figure 3 has the positions of the anode and DBR reversed 
between the substrate and the light emitting layer, as compared with the structure of figure 2. 
In the embodiment of the invention, the nature of the DBR is fundamentally different from the 
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conventional arrangement, described above. Specifically, the DBR according to this 
embodiment of the present invention is formed not of inorganic dielectric materials but is 
instead formed of semiconductive or conductive materials. As will be apparent, the structure of 
figure 3 will not function if the DBR is formed of insulating or dielectric materials, because 
these would block the current flow which activates the electroluminescent material. Further, 
locating the ITO layer outside the cavity as in figure 3 has the advantage that the absorption 
characteristics of the ITO do not significantly affect the loss in the cavity. 

Particularly significant in the structure illustrated in figure 3 is the use of organic 
materials to form the DBR 20. Thus, the layers of the DBR 20 may be formed of a single 
organic polymer; such as PPV having a refractive index of approximately 2.6. In this 
embodiment, the layers of the DBR differ from each other by the addition to alternate layers of 
nano-meter sized particles of Ti0 2 and of Si0 2 , respectively. The size and number of particles 
added to the polymer is such that effectively no discernible scattering is caused. If, for 
example, micro-meter sized particles are used rather than nano-meter sized particles then 
scattering becomes a problem. 

Fabrication of the structure described above with reference to figure 3 is significantly 
easier than that described with reference to figure 2. Specifically, techniques other than 
physical vapour deposition (sputtering, e-beam etc) can be used to fabricate the DBR. 

Although reference is made to a number of alternate layers of two materials being used 
to form the DBR, the number of layers of each material is determined in accordance with the 
practical implementation required. Preferably, the layers are arranged having regard to the 
characteristics of the anode and the light emitting material so as to provide a continuous 
sequence, including the anode/DBR/light emitting material, of high/low/high (or low/high/low) 
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refractive index/energy band gap. Embodiments of the invention have been tested usingtwo 
layers of one material with a single layer of the other material therebetween upto an alternately 
layered stack of five layers of one material and four layers of the other material. All of these 
embodiments showed markedly improved wavelength selectivity compared with the 
conventional output spectrum illustrated in figure 1. The selectivity increases with the 
increased number of layers used in the DBR. 

Typically the thickness of the layers of the DBR will be selected to satisfy the equation: - 

dl*nl + d2*n2 = X/2 

where dl and d2 are the thickness of the alternate (first and second) layers respectively and nl 
and n2 are the refractive indices thereof, respectively. The layer thickness of the DBR materials 
may typically vary between 50nm to 250nm. The ITO thickness is optimised with respect to 
optical and electrical characteristics and may typically be of the order of 200nm. However, 
none of these values are limiting of the invention. 

A change in cavity thickness of 20nm can cause a change in peak wavelength selectivity 
of the DBR of approximately 15nm, depending on the materials used. 

A conductive DBR could, of course, be formed from inorganic materials such as GaAs 
and AlGaAs. However, such a DBR presents a high electrical resistance. 

The luminescence turn-on voltage of a conventional OELD is approximately 2V and 
some embodiments of the present invention have been shown to retain this value. The value 
can however be allowed to rise to about 8V, as may be required due to increased DBR 
electrical resistance of some embodiments, while still remaining practicable. 

For ease of presentation, figure 4 illustrates the optical characteristics of one of the 
polymer layers of the DBR used in the device illustrated in figure 3. The graph of figure 4 
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shows variation of absorption (k) and refractive index (n) with wavelength (over a range within 
that of the output of the light emitting layer). Maximum absorption occurs at wavelength X y 
As is readily apparent from a comparison of the absorption curve of figure 4 and the 
output spectrum shown in figure 1, the long-tail effect shown in figure 1 is substantially 
mitigated in the characteristic of the polymer layer of figures 3 and 4. 

As will be apparent from figure 4, conjugated polymers in general have a high 
refractive index near their absorption edge and decreasing refractive index with longer 
wavelengths away from the absorption edge. 

The graph of figure 5A shows the same characteristics as shown in figure 4, but shows 
these characteristics simultaneously for two different polymer layers such as might be used to 
form the DBR shown in figure 3. In figure 5A, the respective wavelengths at maximum 
absorption are X x and X 1 . The DBR using these two types of polymer layers is designed for an 
operative wavelength of X D . As will be appreciated from figure 5A, the operative or design 
wavelength X D is selected to avoid the high absorption peaks of the two polymer layers and to 
have a relatively small difference between the refractive index for the two layers. As shown in 
figure 5A, X D is of longer wavelength than X x and V 

The characteristics shown in figure 4 are determined by the band gap energy of the 
material. Thus, figure 5A illustrates two relatively high band gap materials: with X D being of 
longer wavelength than X x and A*. Because the DBR of figure 3 is formed of organic materials, 
relatively narrow band gap materials can be used. Thus, unlike the position shown in figure 
5A, the design wavelength X D can be shorter rather than longer than the absorption edge 
wavelength (X x or X£ of one of the two materials of the DBR. This possibility would appear to 
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be unique to organic materials such as polymers. Such an arrangement is illustrated in figure 
5B. 

Particularly in relation to the embodiment illustrated in figure 5B, an important point to 
note is that the absorption (k) is low on either side of the peak. This is in contrast to inorganic 
materials, where the peak is really an edge rather than a peak and the absorption is high on the 
lower wavelength side of the edge. That is, in inorganic materials there is high absorption in 
the conductive region, which is on the shorter Wavelength side of the absorption edge. The 
embodiment shown in figure 5B can exhibit reduced electrical resistance, because the material 
having an absorption peak wavelength (A^) longer than the design wavelength (X D ) may be 
conductive. 

A particular benefit of the structure illustrated in figure 3 is the fact that the refractive 
indices of the DBR materials can be tuned to provide the desired result. Further, absorption by 
the polymer layers of the DBR is largely caused by the conjugated regions of the polymer 
materials. Thus, beneficial arrangements can be provided by adding non-conjugated side 
groups to the conjugated polymer material. This reduces the density of the conjugated regions 
and results in a reduction in the refractive index of the material. Alternatively, a co-polymer 
consisting of two groups can be formed, with one of the groups being non-conjugated. Another 
modification is to use mixtures or blends of polymer materials to vary the refractive index of 
each of the respective layers of the DBR. 

Another important characteristic of the DBR in the structure illustrated in figure 3 is the 
electrical resistance which is presented by the DBR. The resistance presented by the DBR can 
be understood from the energy level diagrams of figures 6 A and 6B. The basic operation of the 
OELD is that holes are injected by the ITO anode, electrons are injected by the cathode and the 
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holes and electrons recombine in the electroluminescent material thus causing light to be 
emitted. Figure 6A corresponds to the embodiment illustrated in figure 5A. As illustrated in 
figure 6A, a first polymer layer of the DBR has a relatively wide band gap (low refractive 
index) whereas the second polymer layer of the DBR has a relatively narrow band gap (high 
refractive index). Of course, the DBR would usually contain more than two polymer layers but 
the principle of the narrow band gap material acting as a potential barrier to the holes injected 
from the ITO anode can be understood from figure 6A. To obtain a low resistance value for 
the DBR the polymer materials can be selected such that the just mentioned potential barrier 
can effectively be ignored at room temperatures. This can be achieved by selecting the 
polymer materials to have a difference between the bottom energy level of their respective band 
gaps (sometimes referred to as the HOMO level - Highest Occupied Molecular Orbital) to be 
smaller than 0.6eV. 

Minimising the difference between the HOMO levels is very important since it is this 
difference which controls conductivity. That is, the smaller the difference between the HOMO 
levels of the adjacent materials the smaller the potential barrier across the junction. It is an 
advantage of inorganic systems that it is relatively easy to tune the band gap levels. Thus, in 
inorganic systems, it is relatively easy to select materials for adjacent levels with very similar 
HOMO levels and then to tune the band gap of the materials to produce the desired absorption 
levels, thus automatically determining the LUMO levels (Lowest Unoccupied Molecular 
Orbital). It is a disincentive against using organic materials that there are few choices for 
tuning the band gap levels and it is difficult to obtain HOMO levels which are close together. 
This disincentive can be overcome by using doping and by using graduated interfaces. 
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Figure 6B corresponds to the embodiment illustrated in figure 5B. As illustrated in 
figure 6B, an effect of using materials for the DBR having respective absorption peak 
wavelengths {X { , l^) on either side of the design wavelength (k D ) is that the low/high sequence 
of refractive index is changed to a high/low sequence. 

A practical DBR suitable for use in the structure of figure 3 can be obtained using 
alternate layers of a conductive organic material with a semiconductive organic material. In 
such an arrangement the semiconductive material preferably has a relatively high mobility, for 
example > lxlO^cmVV.s 

As noted above, a significant advantage of the structure illustrated in figure 3 is that 
techniques other than deposition can be used to fabricate the DBR. Sublimation is a relatively 
easy and attractive fabrication process. Although this can be used, difficulties can arise when 
fabricating layers of polymers. For example, the application of polymers by spin coating 
entails dissolving the polymer material in a solvent. When one polymer layer is formed on 
another, the solvent used to apply the second layer re-dissolves the first layer. At best an 
intermixture of the polymer materials occurs, at worst it becomes impossible to form a layered 
structure. Thus, it is a preferred aspect of the present invention to provide suitable materials 
for the DBR which in fabrication of the DBR use different solvents so as to avoid this problem. 

The present invention encompasses a multicolour light emitting device having at least 
two micro-cavity structures with respectively different optical lengths determining their 
emission wavelengths with each micro-cavity being of the type described with reference to 
figure 3. An example of such a multicolour light emitting device is illustrated in figure 7. In 
figure 7 the same reference numerals are used as in figure 3 and it is believed that the structure 
of the multicolour device will be understood with out the need for further explanation, other 
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than confirmation that the two micro-cavities do of course emit light of different wavelengths. 
Also, it will be readily apparent that the figure is schematic only. Further, although only two 
micro-cavities are illustrated in practice the number of micro-cavities will be higher. 

The DBR described with reference to figure 3 can be used in other applications, for 
example as a multicladding layer to obtain lateral transmission within a cavity rather than 
transmission perpendicular to the light emitting layer as in figures 2 and 3. 

A number of examples of beneficial materials for use in forming the DBR of the OELD 
according to various embodiments of the present invention will now be described. 

Example 1 

The DBR comprises alternate layers of a PEDOT material doped by PSS and a TFB 
material. PEDOT material, Poly-3,4-EthleneDiOxyThiophene, was first developed nearly 
twenty years ago and is conventionally used as an antistatic coating. TFB is a polyfluorene 
derivative, namely poly(9,9-dioctylfluorene-co-N-(4-butylphenyl)diphenylamine). These 
materials for the polymer layers both have good hole transportation properties and small 
absorption. There is a contrast in the refractive index between the two polymers. 
PSS doped PEDOT is: 

a high mobility conductive material (conductivity: 10-200 S/cm) 

a low refractive index material (around 1;55 in visible light) 

soluble in water or methanol (eg 1: 10), not soluble in toluen or xylene 

of low absorption in the visible region (0.002-0.005 extinction coefficient) 

TFB is: 

a semiconductive, high mobility material (4x10"* - 2xl0 3 cm 2 /V.s) 
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a high refractive index material (1.85 at 450nm, 1.70 at 550nm) 
soluble in toluen or xylene, not soluble in water or methanol 
of low absorption in the visible region (< 0.001 extinction coefficient) 
The HOMO level for the doped PEDOT is 4.4-5.3eV and for the TFB is 5.4eV. Thus 
the difference in these energy levels is in the range 0.1-1.0eV. 

A DBR produced by spin coating five periods of these materials produced a reflectivity 
> 40% . The resulting OELD presented a narrow output spectrum, which is tuneable by 
changing the thickness of the light emissive layer. 

The OELD of this example used a glass substrate, an ITO anode, F8BT [poly(9,9- 
dioctylfluorene-co-2,l,3-benzotMadizole)] as the light emitting material and a Ca/Al cathode. 

PEDOT is an example of a material having an absorption edge wavelength longer than 
the design wavelength of the OELD. 

Modification 1 of Example 1 

In this modification, the PSS doped PEDOT material was diluted with polyvinylalcohol, 
or polyacrylate, or poly methacry late. The refractive index of the lower index material is 
reduced. 

The effect was to reduce the absorption of the PEDOT material to 0.0002-0.0005 
extinction coefficient (ie by an order of magnitude) and to reduce the refractive index to 1.45- 
1.50 in the visible region. The material retained sufficient conductivity and the driving voltage 
of the OELD remained low. That is, the V-I characteristics of the device were not significantly 
degraded. Meanwhile the reflectivity of the DBR increased to > 55 % . 
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Modification 2 of Example 1 

In this modification, the TFB was blended with F8BT. The refractive index of the 
higher index material is increased. 

The TFB has a refractive index at 550nm of 1/71 whereas the F8BT has a refractive 
index of 1.92 at 550nm. A blend of 20%: 80% TFB:F8BT gave a refractive index of 1.85 at 
550nm. The HOMO level of F8BT is 6eV which is high in comparison to that of PEDOT. 
However, the result of the DBR according to this modification was to increase the reflectivity 
to >60%, while still maintaining a low driving voltage. It would appear that polymer domains 
form in the TFB/F8BT blend which helps to maintain a low barrier path. 

Example 2 

The DBR comprises alternate layers of F8 material and F8BT material. 

The F8 material is poly(9,9-dioctylfluorene) and this has a refractive index at 550nm of 
1.65. The F8 material has a HOMO level of 5.8-6.0eV. 

The DBR of this example is used in an OELD having a glass substrate, an ITO anode, a 
PEDOT layer, the F8/F8BT DBR, F8BT as the light emissive material and a Ca/Al cathode. 

Both materials of the DBR of this example have absorption edge wavelengths which are 
shorter than the design wavelength of the OELD. Both materials are soluble in the same 
solvent and some degradation occurs at the boundaries between the two materials. However, 
this can be within acceptable limits due to the large molecular weights of the materials, which 
require long time periods to dissolve into solution. 

Example 3 



BNSDOCID: <WO 0139286A1J_> 



WO 01/39286 PCT/GB00/04439 

14 

The DBR comprises alternate layers of F8 material and F6 material. This is an example 
of reducing the density of conjugated groups. 

The F6 material is poly(9,9-dihexylfluorene) and this has a refractive index at 450nm of 
2.1. The refractive index of F8 at 450nm is 1.85. The HOMO level of F6 is 5.8-6.0eV. 

The DBR of this example is used in an OELD having a glass substrate, an ITO anode, a 
PEDOT layer, the F8/F6 DBR, F6 as the light emissive material and a Ca/Al cathode. 

As implied by there names, F8 has an alkyl chain containing 8 carbon atoms and F6 has 
an alkyl chain containing 6 carbon atoms. Thus, F8 reduces the refractive index more than F6 
because of it's longer side chain. 

Example 4 

The DBR comprises alternate layers of PEDOT and Alq3 (Aluminum chelate). 

The main characteristic of this example is that the PEDOT material is applied by spin 
coating and the Alq3 material is applied by sublimation. Alq3 is not a polymer. It is a low 
molecular system, having a high refractive index around 500nm and it does not dissolve in 
solvent. 

Example 5 

The DBR comprises alternate layers of TPD and Alq3. 

The TPD material has a refractive index of 1.6 at 530nm and the Alq3 material has a 
refractive index of 1.9 at 530nm. Both materials are applied by sublimation. 

Example 6 
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The main characteristic of this example is that a patterned DBR is formed by the ■ 
deposition of PEDOT material and TFB material using inkjet technology. Thus, different DBR 
thickness layers can easily be provided to produce different wavelength areas on a single 
substrate. 

Example 7 

In this example PEDOT material and another material are used for the alternate layers 
of the DBR. The main characteristic of the example is that the PEDOT material is doped with 
a dye. The dye doped layers of the DBR acts as absorption cavities. That is a large field 
intensity is produced even in thin layers. The result is very efficient light absorption. Thus, 
the absorption is used to change the colour output of the OELD. 

Strictly, in this example the nature of the DBR is altered by the introduction of one or 
more absorption cavities. However, this arrangement is considered to fall within the 
expression DBR as used herein. 

An OELD according to this example may have the following structure: glass substrate, 
ITO anode, dye doped PEDOT layer, TFB layer, PEDOT layer, light emitting layer, cathode. 

A benefit of the arrangement of this example is that the long-tail effect is substantially 
reduced. 

A further example of a material which may be used, in place of TFB, in the formation 
of a DBR according to the present invention is PFMO, namely poly(9,9-dioctylfluorene-co-bis- 
N^'-C^methoxyphenyO-bis-N^'-phenyH ,4-phenylenediamine). This material has a high 
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refractive index, of approximately 1.8, around the adsorption edge and a HOMO level of 
5.0eV. 
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Claims 

1. A distributed Bragg reflector comprising a stack of alternate layers of a first 
material and a second material wherein the first and second materials are both organic 
materials. 

2. A distributed Bragg reflector as claimed in claim 1, wherein the first and second 
materials are both polymer materials. 

3. A distributed Bragg reflector as claimed in claim 1 or claim 2, wherein one of 
the first and second materials comprises a conjugated polymer to which non-conjugated side 
groups have been added. 

4. A distributed Bragg reflector as claimed in claim 1 or claim 2, wherein one of 
the first and second materials comprises a co-polymer having two groups one of which is a 
non-conjugated polymer group. 

5. A distributed Bragg reflector as claimed in claim 1 or claim 2, wherein one of 
the first and second materials comprises a blend or mixture of polymers. 

6. A distributed Bragg reflector as claimed in any preceding claim, wherein the 
difference in HOMO energy levels of the first and second materials is less than 0.6eV. 
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7. A distributed Bragg reflector as claimed in claim 1 or claim 2, wherein one of 
the first and second materials is soluble in a general organic solvent but not soluble in water or 
methanol and the other of the said materials is soluble in water or methanol and not soluble in 
the general organic solvent. 

8. A distributed Bragg reflector as claimed in claim 1, wherein one of the first and 
second materials comprises poly-3,4-etMenedibxythiophene. 

9. A distributed Bragg reflector as claimed in claim 8, wherein the poly-3,4- 
ethlenedioxythiophene is doped with PSS. 

10. A distributed Bragg reflector as claimed in claim 1, wherein one of the first and 
second materials comprises a polyfluorene derivative. 

11. A distributed Bragg reflector as claimed in claim 10, wherein the polyfluorene 
derivative is poly (9 , 9-diocty lfluorene-co-N-(4-butylphenyl)diphenylamine) . 

12. A distributed Bragg reflector as claimed in claim 9, wherein the PSS doped poly- 
3,4-ethlenedioxythiophene is diluted with polyvinylalcohbl, or polyacrylate, or 
polymethacrylate. 
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13. A distributed Bragg reflector as claimed in claim 11, wherein the poly(9,9- 
dioctylfluorene-co-N-(4-butylphenyl)diphenylamine) is blended with poly(9,9-dioctylfluorene- 
co-2, 1 ,3-benzothiadizole) . 

14. A distributed Bragg reflector as claimed in claim 1, wherein one of the first and 
second materials comprises poly(9,9-dioctylfluorene) and the other of.the.said materials 
comprises p oly (9 , 9-dio cty lfluorene-co-2 ,1,3 -behzothiadizole) . 

15. A distributed Bragg reflector as claimed in claim 1, wherein one of the first and 
second materials comprises poly(9,9-dioctylfluorene) and the other of the said materials 
comprises poly(9,9-dihexylfluorene). 

16. A distributed Bragg reflector as claimed in claim 1, wherein one of the first and 
second materials comprises poly-3,4-ethlenedioxythiophene and the other of the said materials 
comprises aluminum chelate. 

17. A distributed Bragg reflector as claimed in claim 1, wherein one of the first and 
second materials comprises poly(9,9-dioctylfluorene-co-N-(4-butylphenyl)diphenylamine) and 
the other of the said materials comprises aluminum chelate. 

18. A distributed Bragg reflector as claimed in claim 8, wherein the poly-3,4- 
ethlenedioxythiophene is doped with a dye. 
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19. A distributed Bragg reflector as claimed in claim 1 , wherein one of the first and 
second materials comprises poly(9,9-dioctylfluorene-co-bis-N,N , -(4-methoxyphenyl)-bis-N,N , - 
pheny 1- 1 ,4-phenylenediamine) . 

20. An organic electroluminescent light emitting element comprising: a transparent 
substrate, a transparent electrode formed on the substrate, a distributed Bragg reflector formed 
on the transparent electrode, an organic electroluminescent light emitting material formed on 
the distributed Bragg reflector and an electrode formed on the light emitting material, the 
distributed Bragg reflector being as claimed in any preceding claim. 

21. An organic electroluminescent light emitting element as claimed in claim 20, 
wherein one of the first and second materials has a peak absorption wavelength which is longer 
than the mode wavelength of the device. 

22. An organic electroluminescent light emitting element as claimed in claim 20, 
wherein the light emitting material is poly(9,9-dioctylfluorene-co-2,l,3-benzothiadizole). 

23. A multicolour light emitting device comprising a plurality of light emitting 
elements as claimed in any of claims 20 to 22. 

24. A multicolour light emitting device as claimed in claim 23, wherein the first and 
second materials are formed in different thickness layers and provide different mode 
wavelength areas on the substrate. 
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25. A method of manufacturing a distributed Bragg reflector comprising the steps of 
forming a stack of alternate layers of a first organic material and a second organic material 
using inkjet technology. 

26. A method of manufacturing n organic electroluminescent light emitting element 
comprising the steps of: 

providing a transparent substrate, 

forming a transparent electrode formed on the substrate, 

forming a distributed Bragg reflector on the transparent electrode using the method of 
claim 25, 

forming an organic electroluminescent light emitting material on the distributed Bragg 
reflector, and 

forming an electrode on the light emitting material. 

27. A method of manufacturing multicolour light emitting device comprising the 
steps of: forming a plurality of light emitting elements using the method of claim 26 and therein 
forming the first and second materials in different thickness layers to provide different mode 
wavelength areas on the substrate. 



BNSDOCID: <WO 0139286A1_I_> 




BNSDOCID: <WO 0139286A1J_> 



SUBSTITUTE SHEET (RULE 26) 



WO 01/39286 



PCT/GBOO/04439 



2/3 



Fig. 5A 



Fig. 5B 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCID: <WO 01392B6A1J_> 



WO 01/39286 



PCT/GB00/04439 



3/3 



Fig. 6A 



hole injection - 



ITO 



highn 



low n low n 



active 
layer 



cathode 



electron injection 



Fig. 6B 



hole injection • 



ITO 



highn highn 



low n 



cathode 



electron injection 



active 1 
layer 



Fig. 7 



16 



20 



16 



1 >20 



r 



14 



V 



10 



BNSDOCID: <WO 0)39286A1J_> 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Interr ^ lal Application No 

PCT/GB 00/04.439 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 7 H01L51/20 602B5/18 G02B5/28 



Accordmq lo International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification syslem followed by classification symbols > 

IPC 7 H01L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 



EPO-Internal , INSPEC, WPI Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category e 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



C0NVERTIN0 A ET AL: "Organic multilayers 
as distributed Bragg reflectors" 
APPLIED PHYSICS LETTERS, JULY 1999, 
vol. 75, pages 322-324, XP000850804 
ISSN: 0003-6951 
the whole document 

US 5 122 905 A (WHEATLEY J ET AL) 
16 June 1992 (1992-06-16) 
the whole document 

EP 0 469 732 A (DOW CHEMICAL CO) 
5 February 1992 (1992-02-05) 
the whole document 

WO 97 01774 A (MINNESOTA MINING & MFG) 
16 January 1997 (1997-01-16) 
the whole document 

-/-- 



1,2 



3-25 

1,2,5 

7 

1,2,5 
7 

1,2,5 
7 



m 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



• Special categories of cited documents : 

•A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L* document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O' document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



'V later document published after the international filing date 
or priority date and not in conflict with the application but 
cited lo understand the principle or theory underlying the 
invention 

'X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

'Y' document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&• document member of the same paten! family 



Date of the actual completion of the international search 



22 March 2001 



Date of mailing of the international search report 



29/03/2001 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



van der Linden, J.E. 



Form PCT/lSA/210 (second sheet) (July 1992) 



BNSDOCID: <WO_ 



_0139286A1_L> 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intert nal Application No 

PCT/GB 00/04439 



C(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' 



Citation of document, with indication .where appropriate, of the relevant passages 



Relevant to claim No. 



"Vertical-cavity organic LED display" 
IBM TECHNICAL DISCLOSURE BULLETIN, 1997, 
vol. 40, pages 165-167, XP000735697 
ISSN: 0018-8689 
the whole document 

EP 0 616 488 A (HITACHI LTD) 
21 September 1994 (1994-09-21) 
the whole document 

US 5 891 554 A (MATSUURA M ET AL) 
6 April 1999 (1999-04-06) 
the whole document 

WO 99 43031 A (SEIKO EPSON CORPORATION; 
CAMBRIDGE DISPLAY TECHNOLOGY LTD) 
26 August 1999 (1999-08-26) 
the whole document 

W0 99 39373 A (UNIV PRINCETON) 
5 August 1999 (1999-08-05) 
the whole document 



20,21, 
23,24 



20,21, 
23,24 



1,20 



25-27 



25-27 



Form PCT7ISA/210 (continuation of second sheet) (July 1992) 



page 2 of 2 



BNSDOCID: <WO 0139286A1_I_> 



INTERNATIONAL SEARCH REPORT 

Information on patent f amity members 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member(s) 


date 


US 5122905 


A 


1 j- r\ £ 1 A A A 

16-06-1992 


A T 

AT 


1 *3 ft ft O C T 

139035 T 


1 C AC 1 ft AC 

15-06-1996 








A 1 1 

AU 


£ ft ft ft 1 ft ft 

622812 B 


i c ft a 1 no ft 

16-04-1992 








AU 


m i~ ft "7 ft ft a 

5758790 A 


no ft i 1 ft r\ 1 

03-01-1991 i 








BR 


ftftftftftft~7 A 

9002937 A 


Oft AO 1 ft. A 1 

20-08-1991 








r> a 

CA 


ftftlftftTft A 

2019272 A 


Oft 1 O 1 AAA 

20-12-1990 








CN 


"1 f\ A ft 1 ft "1 A ft 

1048191 A,B 


ft o ft i i ftOii 
02-01-1991 








DE 


/T ft ft ft ~7 ft C" A ft 

69027254 D 


1 1 A "7 1 one 

11-0/-199O 








EP 


ft A ft A A C O A 

0404463 A 


0*7 1 O 1 ft ft. ft 

27-12-1990 








i ii t 
HU 


f" ft ft A C A 

59345 A 


oo ac i aao 
28-05-1992 








t r* 

IE 


ft ft ft ft t ft A 

902210 A 


ft ft ft 1 1 Art 1 

02-01-1991 








JP 


ft A 1 A ft 1 A 

3041401 A 


O 1 AO 1 AO 1 

21-02-1991 








KR 


n a ft ft ^ o iv — 

148368 B 


Aft 11 1 A A O 

02-11-1998 








NO 


1 ~7 ft ~7 ft ft ft 

178723 B 


1 ft AO 1 A AC 

12-02-1996 








US 


5612820 A 


18-03-1997 


• 






US 


5486949 A 


23-01-1996 








US 


p O "7 O ft A A 

5278694 A 


11 A1 1 AA/f 

11-01-1994 








us 


r~ft~7ft^CO A 

5872653 A 


1 C AO 1 AAA 

16-02-1999 








us 


r"ft£*ftftftA A 

5262894 A 


1 C 11 1 A A O 

16-11-1993 








DO 


295720 A 


ft "7 11 1 A A 1 

07-11-1991 








US 


5122906 A 


16-06-1992 


EP 0469732 


A 


r\f ft ft 1 ft ft ft 

05-02-1992 


US 


5103337 A 


A"7 AVI 1AAO 

07-04-1992 








CA 


ftftA*f^rtft A 

2047603 A 


or A1 1 A A ft 

25-01-1992 








i n 
JP 


ftft^Tft^ft r> 

3067863 B 


OVI A"7 OAAA 

24-07-2000 








JP 


4313704 A 


AC 11 1 ft A ft 

05-11-1992 








US 


RE34605 E 


10-05-1994 


WO 9701774 


A 


16-01-1997 


1 1 o 

US 


ft ft ft ^ n a 

6080467 A 


A1 AC OAAA 

27-06-2000 








AU 


692715 B 


1 i ft c~ 1 ft ft ft 

11-06-1998 








AU 


6279696 A 


Oft ftl Irtftl 

30-01-1997 








EP 


ftft ft f" A A A 

0835464 A 


It? ft A 1 AAA 

15-04-1998 








JP 


11508378 T 


21-07-1999 


EP 0616488 


A 


21-09-1994 


t ft 

JP 


ftTft^ftftft ft 

2797883 B 


1 "7 AA 1 A AO 

17-09-1998 








JP 


/"■ O "T T" O ft 1 A 

6275381 A 


OA AA 1 AAA 

30-09-1994 








. DE 


69410513 D 


02-07-1998 








DE 


69410513 T 


04-03-1999 








1 1 r> 

US 


P P P A ft.1 1 A 

5554911 A 


1 ft Aft 1 ftft£ 

10-09-1990 


US 5891554 


A 


06-04-1999 


JP 


2846571 B 


13-01-1999 








JP 


7240277 A 


12-09-1995 








t IC* 

US 


/- 1 ft A ft ft A A 

6124024 A 


o£ no oft.ft.ft. 


WO 9943031 


A 


26-08-1999 


AU 


2630499 A 


06-09-1999 








CN 


1233929 A 


03-11-1999 








EP 


1060522 A 


20-12-2000 


W0 9939373 


A 


05-08-1999 


US 


6087196 A 


11-07-2000 








AU 


2481599 A 


16-08-1999 








EP 


1051738 A 


15-11-2000 





Form PCT/ISA/210 (patent family annex) (Juty 1992) 



BNSDOCID: <WO 0139286A1_I_> 



Intern tal Application No 

PCT/GB 00/04439 



